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Outline	  of	  this	  lecture	  

•  IntroducFon	  about	  non-‐coding	  RNAs	  
•  Methods	  to	  idenFfy	  non-‐coding	  RNAs	  

•  Methods	  to	  assign	  biological/molecular	  funcFons	  to	  non-‐
coding	  RNAs	  



INTRODUCTION	  



“Although	  less	  than	  2%	  of	  a	  mammalian	  genome	  codes	  for	  
protein,	  studies	  consistently	  show	  that	  half	  or	  even	  more	  of	  

the	  genome	  is	  transcribed”	  



What	  are	  non-‐coding	  RNAs	  

•  RNAs	  that	  do	  not	  encode	  proteins	  
•  “Textbook	  knowledge”	  non-‐coding	  (nc)RNA	  
–  transfer	  (t)RNAs:	  transfer	  amino	  acids	  

–  ribosomal	  (r)RNAs:	  consFtute	  the	  catalyFc	  center	  of	  the	  
ribosome	  

–  small	  nucleolar	  (sn)RNAs:	  involved	  in	  nuclear	  processes	  
such	  as	  splicing	  or	  rRNA	  processing	  

•  small	  regulatory	  RNAs	  like	  small	  interfering	  (si)RNAs	  

–  	  gene	  silencing	  through	  double-‐stranded	  RNA	  
•  long	  non-‐coding	  RNAs:	  focus	  of	  this	  presentaFon	  



small	  regulatory	  RNAs	  

•  just	  a	  short	  overview,	  
not	  discussed	  here	  in	  
detail	  



long	  non-‐coding	  RNAs	  (>200bp)	  

Recent	  reviews	  of	  long	  non-‐coding	  RNAs	  have	  focused	  on:	  

–  funcFon	  of	  ncRNAs	  and	  mainly	  describe	  examples	  

–  how	  ncRNAs	  are	  transcribed 	  	  



Examples	  of	  how	  ncRNAs	  can	  funcFon	  



Molecular	  mechanisms	  of	  how	  ncRNAs	  can	  funcFon	  

Interference	  with	  transcripFon	  

targeFng	  protein	  
complexes	  to	  DNA	  

acFng	  as	  scaffold	  for	  
protein	  complexes	  



DistribuFon	  of	  ncRNAs	  

long	  ncRNAs	  are	  similar	  to	  mRNAs:	  
	  -‐	  RNA	  polymerase	  II-‐promoted	  
	  -‐	  polyadenylated	  
	  -‐	  oYen	  alternaFvely	  spliced	  



FOCUS	  OF	  THIS	  REVIEW	  



Focus	  of	  this	  review	  

Many	  studies	  have	  idenFfied	  novel	  ncRNAs,	  tried	  to	  classify	  
them,	  and	  assign	  biological	  funcFons	  to	  them.	  Various	  
approaches	  have	  been	  developed	  these	  steps.	  

Here	  I	  will	  review	  the	  different	  approaches	  to	  

1.  idenFfy	  ncRNAs	  
2.  assign	  a	  biological	  funcFon	  or	  molecular	  mechanism	  to	  

ncRNAs	  

To	  get	  a	  be^er	  idea	  of	  how	  different	  studies	  can	  be	  compared	  



Very	  general	  overview	  of	  approaches	  to	  idenFfy	  
ncRNAs	  



IDENTIFICATION	  OF	  NON-‐CODING	  RNA	  



1.	  IdenFficaFon	  and	  validaFon	  of	  funcFonal	  ncRNA	  

a)  IdenFficaFon	  
I.  IdenFficaFon	  based	  on	  template-‐free	  expression	  

measurement	  

II.  IdenFficaFon	  based	  on	  chromaFn-‐state	  signatures	  

III.  IdenFficaFon	  of	  unstable	  transcripts	  
b)  ValidaFon	  and	  how	  to	  disFnguish	  coding	  from	  non-‐coding	  

I.  conservaFon	  

II.  disFnguish	  coding	  from	  non-‐coding	  RNA	  

c)  ApplicaFon:	  ComputaFonal	  idenFficaFon	  based	  on	  
published	  data	  



•  RNA-‐seq	  
•  Fling	  arrays	  
•  global	  run-‐on	  (GRO)-‐seq:	  detecFon	  of	  nascent	  transcripts	  



a)	  I.	  RNA-‐seq:	  zebrafish	  



a)	  I.	  RNA-‐seq:	  first	  studies	  in	  yeast	  



a)	  I.	  RNA-‐seq:	  humans	  



RNA-‐seq	  for	  idenFfying	  ncRNA	  

+	  

•  idenFficaFon	  of	  novel	  transcripts	  
•  in	  principle	  reference-‐independent	  

-‐	  

•  no	  detecFon	  of	  unstable	  transcripts	  
•  need	  high	  coverage	  for	  detecFng	  ncRNAs	  (they	  are	  

generally	  lowly	  expressed)	  



a)	  I.	  Fling-‐array	  

manual	  annotaFon	  of	  novel	  transcripts	  



Flling-‐arrays	  for	  idenFfying	  ncRNA	  

+	  

•  idenFficaFon	  of	  novel	  transcripts	  
•  for	  whole	  genome	  arrays:	  reference-‐independent	  

-‐	  

•  no	  detecFon	  of	  unstable	  transcripts	  
•  potenFal	  difficulty	  to	  detect	  low	  abundance	  transcripts	  

(they	  might	  fall	  into	  the	  background	  region)	  



a)	  I.	  GRO-‐seq	  (Global	  run-‐on)	  



GRO-‐seq	  for	  idenFfying	  ncRNA	  

+	  

•  idenFficaFon	  of	  novel	  transcripts	  
•  reference-‐independent	  
•  detecFon	  of	  unstable	  transcripts	  

-‐	  

•  difficult	  to	  obtain	  the	  transcript	  lengths	  

•  only	  unspliced	  RNAs	  detected	  (except	  for	  when	  co-‐
transcripFonal	  splicing	  occurs)	  



a)	  II.	  IdenFficaFon	  based	  on	  chromaFn	  state	  
signatures	  

•  acFve	  transcripFon:	  H3K4me3	  at	  promoter,	  H3K36me3	  across	  body	  	  

•  Find	  K4–K36	  regions	  outside	  coding	  genes	  loci	  to	  discover	  ncRNAs	  

conservaFon	  

codon	  
subsFtuFon	  	  
frequency	   red:	  protein	  coding	  

blue:	  lncRNA	  
green:	  random	  regions	  



ChromaFn	  ChIP	  for	  idenFfying	  ncRNA	  

+	  

•  idenFficaFon	  of	  regions	  that	  are	  transcribed	  
•  reference-‐independent	  (if	  combined	  with	  ChIP-‐seq)	  

•  detecFon	  of	  unstable	  transcripts	  if	  they	  have	  same	  
chromaFn	  state	  

-‐	  

•  indirect	  measure	  of	  expression	  



a)	  III:	  idenFficaFon	  of	  unstable	  transcripts	  

•  GRO-‐seq	  
•  exosome	  knockout/

knock-‐down	  



idenFficaFon	  of	  unstable	  transcripts	  

+/-‐	  points	  for	  the	  individual	  techniques	  apply	  in	  addiFon	  

+	  

•  comprehensive	  idenFficaFon	  of	  transcripts	  

-‐	  

•  challenge	  to	  assign	  funcFonal	  significance	  



b)	  validaFon	  of	  non-‐coding	  transcripts	  

I.  Are	  they	  funcFonal	  

II.  Are	  they	  non-‐coding	  



b)	  I.	  ValidaFon:	  is	  the	  ncRNA	  funcFonal	  

conservaFon:	  ncRNA	  are	  more	  conserved	  than	  random	  regions	  

red:	  protein	  coding	  
blue:	  lncRNA	  
green:	  random	  regions	  



b)	  I.	  ValidaFon:	  is	  the	  ncRNA	  funcFonal	  -‐	  caveat	  

ncRNA	  more	  conserved	  than	  random	  regions	  

BUT	  locaFon	  more	  conserved	  than	  sequence:	  	  

– e.g.	  possible	  to	  rescue	  ncRNA	  knockout	  zebrafish	  with	  
mouse	  ncRNA	  



b)	  ValidaFon:	  II.	  is	  the	  transcript	  non-‐coding?	  

•  BLASTP	  the	  cDNAs	  sequences	  
•  Assessment	  of	  codon	  subsFtuFon	  frequency	  

•  Assessment	  of	  reading	  frame	  conservaFon	  	  



codon	  subsFtuFon	  frequency	  and	  reading	  frame	  
conservaFon	  

•  Within	  coding	  regions,	  triplet	  subsFtuFons	  are	  biased	  toward	  conservaFve	  codon	  
subsFtuFons	  (Codon	  SubsFtuFon	  Frequencies,	  CSF).	  

•  Indels	  in	  coding	  regions	  are	  strongly	  biased	  to	  be	  a	  mulFple	  of	  three	  in	  length	  
(reading	  frame	  conservaFon;	  RFC).	  



c)	  ComputaFonal	  idenFficaFon	  based	  on	  published	  data:	  
using	  microarray	  data	  –	  remapping	  the	  probes	  and	  

literature	  curaFon	  



c)	  ComputaFonal	  idenFficaFon	  based	  on	  published	  
data:	  using	  RNA-‐seq	  data	  



Summary	  ncRNA	  idenFficaFon	  

•  Different	  template-‐free	  methods	  exist	  for	  detecFng	  non-‐
coding	  RNAs	  

•  Methods	  to	  validate	  ncRNAs	  include	  	  

–  conservaFon:	  less	  than	  proteins,	  more	  than	  random	  –	  
use	  posiFonal	  conservaFon	  

–  codon	  subsFtuFon	  frequency	  
–  reading	  frame	  conservaFon	  

•  ApplicaFons:	  meta	  studies	  integraFng	  various	  published	  
data	  sets	  to	  idenFfy	  novel	  ncRNAs	  



FUNCTIONAL	  IMPACT	  



Inferring	  the	  funcFonal	  role	  of	  ncRNAs	  

a)  Molecular	  mechanisms	  of	  ncRNAs	  acFvity	  

I.  sense	  anFsense	  regulaFon	  

II.  associaFon	  with	  protein	  complexes	  

III.  perturbaFon	  studies	  
b)  Biological	  funcFon	  

I.  Fssue	  specificity	  

II.  funcFonal	  analysis	  of	  genes	  co-‐expressed	  with	  ncRNAs	  



a)	  I.	  Sense	  anFsense	  regulaFon:	  yeast	  



a)	  I.	  Sense	  anFsense	  regulaFon:	  breast	  cancer	  



a)	  II.	  associaFon	  with	  protein	  complexes	  

Inspired	  by	  example	  



a)	  III.	  perturbaFon	  studies:	  special	  case	  yeast	  

•  ncRNAs	  exported	  to	  
cytoplasm	  

•  ncRNAs	  specifically	  
stabilized	  in	  meiosis	  
required	  

•  ncRNAs	  only	  
detectable	  in	  exosome	  
knockouts	  



b)	  I.	  Tissue-‐specificity	  



b)	  II.	  funcFonal	  analysis	  of	  genes	  co-‐expressed	  with	  
ncRNAs:	  pairwise	  correlaFon	  with	  genes	  



CorrelaFon	  of	  ncRNA	  and	  
proteins	  across	  19	  condiFons	  

CorrelaFon	  ncRNA	  with	  gene	  sets	  
(sets	  of	  proteins)	  and	  clustering	  

GSEA	  reveals	  biological	  
funcFon	  of	  ncRNAs	  



Excursion:	  Gene	  set	  enrichment	  analysis	  



Summary	  of	  funcFonal	  annotaFon	  

•  strategy	  for	  uncovering	  mechanisms:	  generalizaFon	  of	  
examples	  

–  diverse	  molecular	  mechanism:	  anFsense,	  associaFon	  
with	  complexes	  

•  strategy	  for	  uncovering	  biological	  funcFon:	  associaFon	  with	  
known	  proteins	  

–  ncRNAs	  are	  expressed	  very	  Fssue-‐specifically	  



Conclusions	  

•  Many	  different	  technologies	  exist	  for	  idenHfying	  ncRNA	  
–  based	  on	  the	  method	  you	  find	  different	  ncRNA	  types	  
–  be	  aware	  when	  comparing	  different	  data	  sets!	  

•  ComputaHonal	  data	  mining	  of	  published	  data	  has	  been	  successfully	  
applied	  to	  idenHfy	  novel	  ncRNAs	  
–  generally	  idenFfy	  more	  transcripts	  than	  single	  studies	  
–  less	  sequence	  conservaFon	  than	  proteins	  makes	  it	  more	  

challenging	  to	  idenFfy	  funcFonal	  ncRNAs	  (use	  posiFonal	  
conservaFon)	  

–  be	  aware	  that	  many	  ncRNAs	  are	  Fssue-‐specific!	  
•  FuncHonal	  insights	  are	  starHng	  to	  emerge	  

–  generalizing	  known	  examples	  has	  been	  successful	  	  
–  associaFons	  of	  ncRNAs	  and	  genes	  can	  give	  insights	  into	  biological	  

funcFons	  
–  nevertheless,	  we	  are	  sFll	  far	  away	  from	  understanding	  them	  as	  we	  

do	  proteins	  


